Crystal structure of 1-deoxy-d-xylulose 5-phosphate reductoisomerase from the hyperthermophile Thermotoga maritima for insights into the coordination of conformational changes and an inhibitor binding.
Isopentenyl diphosphate is a precursor of various isoprenoids and is produced by the 2-C-methyl-d-erythritol 4-phosphate (MEP) pathway in plastids of plants, protozoa and many eubacteria. A key enzyme in the MEP pathway, 1-deoxy-d-xylulose 5-phosphate reductoisomerase (DXR), has been shown to be the target of fosmidomycin, which works as an antimalarial, antibacterial and herbicidal compound. In this paper, we report studies of kinetics and the crystal structures of the thermostable DXR from the hyperthermophile Thermotoga maritima. Unlike the mesophilic DXRs, Thermotoga DXR (tDXR) showed activity only with Mg(2+) at its growth temperature. We solved the crystal structures of tDXR with and without fosmidomycin. The structure without fosmidomycin but unexpectedly bound with 2-methyl-2,4-pentanediol (MPD), revealing a new extra space available for potential drug design. This structure adopted the closed form by rigid domain rotation but without the flexible loop over the active site, which was considered as a novel conformation. Further, the conserved Asp residue responsible for cation binding seemed to play an important role in adjusting the position of fosmidomycin. Taken together, our kinetic and the crystal structures illustrate the binding mode of fosmidomycin that leads to its slow, tight binding according to the conformational changes of DXR.